Introduction
Luteinizing hormone (LH) release varies with season in ovariectomized ewes given oestradiol implants and it has been proposed that photoperiod controls seasonal breeding in the ewe by changing the response of the hypothalamic-pituitary system to feedback effects of oestradiol (Legan, Karsch & Foster, 1977) . During seasonal anoestrus, oestradiol inhibits the secretion of LH primarily by reducing the frequency of LH pulses (for review see Martin, 1984) . Conversely, during the breeding season oestradiol increases the frequency of LH pulses and reduces pulse amplitude (Karsch, Foster, Bittman & Goodman, 1983) . In addition, seasonal changes in LH secretion have been observed in ovariectomized ewes in the absence of exogenous oestrogen (Goodman, Bittman, Foster & Karsch, 1982; Montgomery, Martin & Pelletier, 1985) . In ovariectomized Ile-de-France ewes, the frequency of LH pulses varied from one pulse every 35 min during the breeding season to one pulse every 60 min during anoestrus (Montgomery et ai, 1985) . There are therefore 'direct' effects of season on the frequency of LH pulses and seasonal changes in responsiveness to oestradiol feedback. However, the seasonal variation in LH pulse frequency that occurs in ovariectomized ewes may result from the effects of extra-ovarian steroids from the adrenal glands and/or oestrogenic substances in the diet (Goodman et ai, 1982) .
Lucerne (alfalfa) is a common component in sheep diets and has been shown to contain the phyto-oestrogen coumestrol (Bickoff et ai, 1957; Livingston, Bickoff, Guggolz & Thompson, 1961) . Coumestrol is structurally similar to steroidal oestrogens and will induce increased teat length in wethers (Millington, Francis & McKeown, 1964) , increased uterine weight in ovariectomized ewes (Braden, Hart & Lamberton, 1967) , decreased ovulation rate (Smith, Jagusch, Brunswick & McGowan, 1980) , inhibition of oestrous behaviour and altered pituitary morphology (Kelly, Adams & Lindsay, 1976 Coumestrol assay. The coumestrol content of lucerne pellets was assayed according to the method of Le Bars & Le Bars (1984) . Samples were ground and thoroughly mixed. Sub-samples of 5 g were re-hydrated with 50 ml distilled water for 30 min and extracted with 100 ml methyl alcohol for 1 h. The solution was filtered and 50 ml added to 100 ml sodium carbonate solution (0-5 m, pH 10-9) and extracted 3 times with chloroform. The aqueous phase was acidified with sulphuric acid (pH 4-5), extracted 3 times with diethyl ether (50 ml) and the organic phase evaporated to dryness.
The (Blanc & Poirier, 1979) . Cross-reactions with other pituitary hormones were small (TSH 1 -2% ; all others < 0-02%). Sensitivity of the assay was 2 ng/ml. The intra-assay coefficient of variation was 8% at a value of B/Bo of 50%. All samples from the same experiment were measured in the same assay.
Data analysis. Pulses of LH in individual profiles were identified as described by Goodman & Karsch (1980) . For each profile, mean nadir, mean amplitude and mean interval between pulses were calculated for complete pulses as described previously (Montgomery et ai, 1985) . Data for variables describing pulsatile LH secretion and concentrations of FSH were assessed by analyses of variance.
Results

Breeding season
Mean ewe liveweight was 66-8 kg and there was no significant change in liveweight during the period of differential feeding (670 and 66-6 kg, s.e. of difference 0-31). Increased concentration of coumestrol in the diet did not significantly affect mean nadir or mean interval between LH pulses (Table 1) . In contrast, an increased concentration of coumestrol significantly (P < 0-05) reduced the amplitude of LH pulses (Table 1 ). The amplitude of pulses for ewes on the control diet was 10-3 ng/ml and was decreased to 4-2 ng/ml in ewes fed the diet supplying coumestrol at 40 mg/ewe/day (s.e. of difference 2-3). At (Karsch, 1980; Goodman et ai, 1982; Martin, Scaramuzzi & Henstridge, 1983 (Goodman et ai, 1982; Montgomery et ai, 1985) , although such variation could be due to the effects of extra-ovarian steroids from the food supply and/or the adrenal glands (Karsch, 1980; Goodman et ai, 1982) . From the present experiment it is unlikely that coumestrol in lucerne diets would contribute to the seasonal variation in LH pulse frequency in ovariectomized ewes. Indeed, experiments describing differences in the pattern of change in LH pulse frequency after ovariectomy during either anoestrus or the breeding season (Montgomery et ai, 1985) were conducted with ewes fed diets containing low concentrations of coumestrol.
During the breeding season, increased coumestrol concentration in the diet resulted in a decrease in the amplitude of LH pulses. Data on LH release were available for the same ewes immediately before feeding the experimental diets (15 days after ovariectomy). Covariance analysis showed that the relationship between pulse amplitude before and after feeding different coumestrol diets was small and non-significant. As a consequence, mean pulse amplitudes adjusted for amplitudes recorded in the same ewes before feeding the experimental diets, were similar to the unadjusted values. In entire ewes, oestradiol reduces the amplitude of LH pulses (Goodman & Karsch, 1980; Wright, Geytenbeek, Clarke & Findlay, 1981 ; Karsch et ai, 1983) and contributes to the increase in frequency during the follicular phase of the cycle (Karsch et al., 1983) . The decrease in pulse amplitude observed with increased concentration of coumestrol in the diet is consistent with effects of oestradiol during the breeding season.
We did not detect an increase in pulse frequency in ewes fed coumestrol during the breeding season. The frequency in control ewes was similar to that in oestradiol-treated ewes in the experiments of Karsch et ai (1983) . Over a wide range of frequencies and amplitudes there is a reciprocal relationship between frequency and amplitude (Goodman & Karsch, 1980; Goodman et ai, 1982; Martin et ai, 1983 Martin, 1984) . The data therefore suggest that coumestrol may not act at hypothalamic sites, but could be active at the pituitary to reduce the amplitude of LH pulses during the breeding season. Studies with the phytooestrogen equol are consistent with that interpretation. Equol is able to bind to uterine and hypothalamic receptors in vitro (Mathieson & Kitts, 1980) . However, studies in vivo have shown reduced ability of equol to compete with oestradiol for oestrogen receptors in the hypothalamus compared with the uterus (Adams & Tang, 1981) , suggesting impaired transport into the hypothalamus.
Differences in LH release during the preovulatory period are not thought to be associated with differences in ovulation rate since widely different types of LH delivery to the ovary do not result in changes in ovulation rate (McNatty, Gibb, Dobson & Thurley, 1981) . However, differences in FSH concentration during the preovulatory period have been associated with differences in ovulation rate in Booroola Merino ewes (Bindon et ai, 1984 
